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(57) ABSTRACT 

A method and apparatus are disclosed for suppressing inter- 
ference in a radio frequency (RF) communication system 
using active shielding techniques. An opposing neutralizing 
signal is applied to actively neutralize stray signals in a 
microwave communication environment. An interfering or 
stray signal is detected using a sensing antenna, and the 
opposing neutralizing signal is generated in response 
thereto. The opposing neutralizing signal is applied to a 
signal neutralizing shield to shield any desired components 
or devices. The opposing neutralizing signal is approxi- 
mately 180 degrees out of phase, and of equal magnitude to 
the detected interfering signal. A phase shifter/null feedback 
device receives the detected stray signal, if any, and adap- 
tively adjusts the phase and magnitude of the opposing 
neutralizing signal. In one embodiment, the phase shifter/ 
null feedback device includes an integrator that generates a 
DC value that is proportional to the energy of the interfering 
signal. The DC value is applied to a voltage controlled 
oscillator (VCO) using known feedback techniques to adjust 
the phase or magnitude, or both, of the opposing neutralizing 
signal and to thereby minimize the DC value. 

17 Claims, 4 Drawing Sheets 
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FIG. 3 
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METHOD AND APPARATUS FOR 
SUPPRESSING INTERFERENCE USING 
ACTIVE SHIELDING TECHNIQUES 

FIELD OF THE INVENTION 

The present invention relates generally to suppression 
techniques for electromagnetic interference (EMI) and radio 
frequency interference (RFI), and, more particularly, to a 
method and apparatus for suppressing such EMI and RFI 
using active shielding techniques. 

BACKGROUND OF THE INVENTION 

Radio frequency communications, including microwave 
and optical (laser) communications, have many advantages 
over communications at lower frequencies. Microwave 
communications, for example, provide a greater diversity of 
transmissions per frequency, enhanced accuracy and multi- 
plexed users. One significant disadvantage of the high 
frequencies associated with microwave communications, 
however, is the ease at which the high frequency signals 
propagate through small gaps in circuits, cases and shields, 
creating stray signals. 

Thus, the suppression of stray signals in microwave 
communication devices and other devices that operate in the 
presence of microwave signals assumes greater significance. 
A number of techniques have been proposed or suggested 
for suppressing stray microwave signals. Generally, such 
suppression techniques attempt to return the stray signals to 
a common ground, or to attenuate them so that they no 
longer have a significant amplitude. The most common 
approach for suppressing EMI is to shield emitting and 
vulnerable components in"metal cans." See, for example, P. 
Nyholm et at, "EMI Protection in Consumer Portable 
Products," Electronic Packaging and Production, 40-44 
(March 1994), incorporated by reference herein. Many 
designs for suppressing stray signals in microwave signal 
environments have utilized shields comprised of metal 
springs, clips or mesh. In addition, metal impregnated foam 
and rubber gasket materials have been utilized as well. 

While many of these signal suppression techniques have 
been effective at lower frequencies, they have not been as 
effective at the higher frequencies associated with micro- 
wave communications. The problems associated with these 
schemes for microwave communications relate to the propa- 
gation of the microwave energy. Specifically, at the frequen- 
cies associated with microwave signals, the wavelength is 
very short. At 2 Gigahertz (GHz), for example, the quarter 
wavelength is only 1.9 inches. Although the gaps of cases 
and shields intended to suppress the stray signals are typi- 
cally on the order of 0.020 inches (0.5 millimeters), the 
energy can propagate at a direction that is transverse to the 
gap height. Since the majority of equipment designs are 
greater than 1.9 inches on a side, this propagation theory will 
hold true for those specific cases. 

In addition, as the frequency increases, the energy asso- 
ciated with the stray signals is more likely to remain on the 
surface of the shielding device and not penetrate into the 
bulk of the shielding device. This phenomenon is often 
referred to as the "skin effect." As a result of the skin effect, 
all of the stray signals may not be relumed to a common 
ground. It has been observed that above a certain frequency, 
such shields actually serve to re -emit the stray microwave 
signals. 

Many people are concerned about exposure to electro- 
magnetic radiation, including microwave radiation. In 
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particular, there is a perceived problem regarding potential 
health risks associated with cellular telephones and other 
wireless communication devices. Specifically, many indi- 
viduals are concerned about the potential danger from 

5 electromagnetic radiation associated with signals transmit- 
ting from the device. To address these concerns, most 
designs for cellular telephones and other wireless commu- 
nication devices now incorporate electromagnetic radiation 
absorbing materials and other shields between the user and 

10 the antenna to shield or protect the user from the potentially 
harmful radiation emitting from the device. 

A need therefore exists for an improved method and 
apparatus for suppressing electromagnetic interference and 
radio frequency interference in microwave communication 

1 5 systems. A further need exists for a method and apparatus for 
suppressing such electromagnetic interference and radio 
frequency interference using active shielding techniques. 
Yet another need exists for improved method and apparatus 
for suppressing electromagnetic interference and radio fre- 

20 quency interference in cellular telephones and other wireless 
communication devices. 

SUMMARY OF THE INVENTION 

Generally, a method and apparatus are disclosed for 

25 suppressing interference in a radio frequency (RF) commu- 
nication system, including microwave and optical (laser) 
communication systems, using active shielding techniques. 
According to one aspect of the invention, an opposing 
neutralizing signal is applied to actively neutralize stray 

30 signals in an RF communication environment. An interfer- 
ing or stray signal is detected using a sensing antenna, and 
the opposing neutralizing signal is generated in response 
thereto. The opposing neutralizing signal is applied to a 
signal neutralizing shield to shield any desired components 

35 or devices. The opposing neutralizing signal is approxi- 
mately 180 degrees out of phase, and of equal magnitude to 
the detected interfering signal. 

According to another aspect of the invention, a phase 
shifter/null feedback device receives the detected stray 

40 signal, if any, and adaptively adjusts the phase and magni- 
tude of the opposing neutralizing signal. In one embodiment, 
the phase shifter/null feedback device includes an integrator 
that generates a DC value that is proportional to the energy 
of the interfering signal. The DC value is applied to a 

45 voltage -controlled oscillator (VCO) using known feedback 
techniques to adjust the phase or magnitude, or both, of the 
opposing neutralizing signal and to thereby minimize the 
DC value. 

5Q A more complete understanding of the present invention, 
as well as further features and advantages of .the present 
invention, will be obtained by reference to the following 
detailed description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a signal neutralizing shield in accor- 
dance with one embodiment of the present invention; 

FIG. 2 illustrates a signal neutralizing shield in accor- 
dance with a second embodiment of the present invention; 
60 FIG. 3 illustrates the phase shifter/null feedback element 
of FIGS. 1 and 2; and 

FIG. 4 illustrates an exemplary circuit design for the 
integrator of FIG. 3. 

65 DETAILED DESCRIPTION 

FIG. 1 illustrates a signal neutralizing shield 100 in 
accordance with one embodiment of the present invention. 
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The signal neutralizing shield 100 serves to shield electronic 
components and devices mounted in an equipment rack 105. 
Generally, according to one feature of the present invention, 
an opposing neutralizing signal is applied to actively neu- 
tralize stray signals in an RF communication environment. 
Thus, as shown in FIG. 1, a radio frequency interference 
sensing antenna 110 detects any stray signals and an oppos- 
ing neutralizing signal is applied to the signal neutralizing 
shield 100. The opposing neutralizing signal is approxi- 
mately 180 degrees out of phase, and of equal magnitude to 
any detected stray signals. 

Generally, the equipment rack 105 includes a root oscil- 
lator 120 that generates a signal to be transmitted. Due to 
imperfect impedance, some portions of the generated signal 
will be diverted back to the equipment rack 105 in the form 
of a stray signal, causing interference. It is an objective of 
the present invention to reduce the interfering stray signal. 

As shown in FIG. 1, the signal neutralizing shield 100 
utilizes the root oscillator 120 as a signal source to provide 
a signal 125. The signal 125 is amplified by a pre-amplifier 
130 and a high power amplifier 140. The amplified signal 
145, as well as any stray signals 115 detected by the radio 
frequency interference sensing antenna 110, are applied to a 
phase shifter/null feedback device 300, discussed further 
below in conjunction with FIG. 3. It is noted that any stray 
signals 115 detected by the radio frequency interference 
sensing antenna 110 are amplified by a low noise amplifier 
112 before being applied to the stray signals 115 detected by 
the radio frequency interference sensing antenna 110. 

Generally, the phase shifter/null feedback device 300 
receives the detected stray signal 115, if any, and adaptively 
adjusts the phase and magnitude of the amplified signal 
source 145 to produce the opposing neutralizing signal 155. 
It is again noted that any detected stray signals 115 and the 
corresponding opposing neutralizing signal 155 are approxi- 
mately 180 degrees out of phase, and of equal magnitude. 

FIG. 2 illustrates a signal neutralizing shield 200 in 
accordance with another embodiment of the present inven- 
tion. The signal neutralizing shield 200 serves to shield 
electronic components and devices mounted in a cell phone 
205, as well as to shield the user from the potentially harmful 
radiation emitting from transmitter 210 of the device 205. 
Like the signal neutralizing shield 100 of FIG. 1, the signal 
neutralizing shield 200 for a cell phone implementation 
includes a radio frequency interference sensing antenna 110 
that detects any stray signals and the signal neutralizing 
shield 200 applies an opposing neutralizing signal that is 
approximately 180 degrees out of phase, and of equal 
magnitude to any detected stray signals. The signal neutral- 
izing shield 200 also includes a low noise amplifier 112, root 
oscillator 120, pre-amplifier 130, high power amplifier 140 
and phase shifter/null feedback device 300 that operate in 
the same manner as described above in conjunction with 
FIG. 1. 

FIG. 3 illustrates the phase shifter/null feedback element 
300 of FIGS. 1 and 2. As shown in FIG. 3, the illustrative 
phase shifter/null feedback element 300 dynamically adjusts 
the phase and magnitude of the amplified signal 145 from 
the root oscillator 120 to generate a signal that is approxi- 
mately 180 degrees out of phase, and of equal magnitude to 
the stray signal 115 that is detected by the RFI sensing 
antenna 110. 

The phase shifter/null feedback element 300 includes an 
integrator 310, discussed further below in conjunction with 
FIG. 4, that digitally measures the power bands across the 
frequency spectrum of interest and generates an analog DC 
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level indicating the extent of the interference. Generally, a 
higher DC level indicates a higher level of interference. As 
discussed below, the integrator 310 includes a variable 
attenuator to adjust the magnitude of the generated signal to 
minimize the DC level, using known feedback techniques. 
The default magnitude applied by the variable attenuator 
corresponds to the expected magnitude of the interfering or 
stray signal 115. 

The DC level generated by the integrator 310 is output on 
pin and is simultaneously applied to a voltage con- 
trolled oscillator 320 to adjust the phase of the correction 
signal 155. As shown in FIG. 3, the VCO 320 generates an 
oscillator signal using the amplified signal 145 from the root 
oscillator 120. The VCO 320 will adjust the phase of the 
generated signal to minimize the DC level, using known 
feedback techniques. It is noted that the default signal 
produced by the VCO 320 is 180 degrees out of phase with 
the signal generated by the root oscillator 120. In a further 
variation, the phase or magnitude adjustment, or both, may 
be fixed or predefined if the phase or magnitude of the 
interfering or stray signal 115 is sufficiently predictable. 

FIG. 4 illustrates an exemplary circuit design for the 
integrator 310 of FIG. 3. As shown in FIG. 4, the integrator 
310 receives the high-powered spikes associated with the 
interfering signal 115 from the RFI sensing antenna 110 
(FIG. 1) at input TRF-1. For a detailed discussion of the 
operation of the circuitry shown in FIG. 4, see Source Book 
of Electronic Circuits, 311 (John Markus ed., McGraw Hill 
1968), incorporated by reference herein. Generally, the 
integrator 310 discriminates, amplifies and integrates all the 
power in the spikes of the interfering signal 115 within the 
frequency band of interest. The integrator 310 provides a DC 
output that corresponds to the interference level seen by the 
RFI sensing antenna 110. The DC level is output across 
resistor Rll. 

As previously indicated, the integrator 310 includes a 
variable attenuator PI to adjust the magnitude of the gen- 
erated signal and thereby minimize the DC level, using 
known feedback techniques. The default magnitude applied 
by the variable attenuator corresponds to the expected 
magnitude of the interfering or stray signal 115. 

It is to be understood that the embodiments and variations 
shown and described herein are merely illustrative of the 
principles of this invention and that various modifications 
may be implemented by those skilled in the art without 
departing from the scope and spirit of the invention. 

We claim: 

1. An interference suppression device, comprising: 

a sensing antenna for detecting an interfering signal; 
a signal source for generating a correction signal that 

opposes said interfering signal; and 
a shield for conducting said correction signal to actively 

neutralize said interfering signal. 

2. The interference suppression device of claim 1, 
wherein said correction signal is approximately 180 degrees 
out of phase, and of equal magnitude to said interfering 
signal. 

3. The interference suppression device of claim 1, 
wherein said signal source includes an oscillator generating 
a signal having a phase, and an integrator that produces a DC 
level corresponding to said interfering signal, and wherein 
said DC level is applied in a feedback arrangement to adjust 
said phase. 

4. The interference suppression device of claim 1, 
wherein said signal source includes an oscillator generating 
a signal having a magnitude, and an integrator that produces 
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a DC level corresponding to said interfering signal, and 11. The interference suppression device of claim 8, 

wherein said DC level is applied in a feedback arrangement wherein said interference suppression device is employed in 

to adjust said magnitude. an equipment rack and wherein said signal source utilizes an 

5. The interference suppression device of claim 1, oscillator on said equipment rack to generate said correction 
wherein said interference suppression device is employed in 5 signal. 

an equipment rack and wherein said signal source utilizes an 12. The interference suppression device of claim 8, 

oscillator on said equipment rack to generate said correction wherein said interference suppression device is employed in 

signal, a wireless telephone and wherein said signal source utilizes 

6. The interference suppression device of claim 1, an oscillator on said wireless telephone to generate said 
wherein said interference suppression device is employed in 10 correction signal. 

a wireless telephone and wherein said signal source utilizes 13, The interference suppression device of claim 8, 

an oscillator on said wireless telephone to generate said wherein said interference suppression device is employed in 

correction signal. a wireless telephone and wherein said correction signal 

7. The interference suppression device of claim 1, shields components in said wireless telephone and shields a 
wherein said interference suppression device is employed in 15 user f rom interfering signal. 

a wireless telephone and wherein said correction signal 14. A method for suppressing interference in an electronic 

shields components in said wireless telephone and shields a device, comprising the steps of: 

user from said interfering signal detectmg an interfering signal; 

8. An interference suppression device, comprising: . . . , , 

, , 4 , . . 4 - . , ~ n generating a correction signal that opposes said interfer- 

a sensing antenna for detecting an interfering signal; 20 ^ ^ ^ ^ ^ & 

a signal source for generating a correction signal that is shield to actively neutralize said interfering signal, 

approximately 180 degrees out of phase and of approxi- 15, The method of claim 14, wherein said correction 

mately equal magnitude to said interfering signal; and s i gna i jg approximately 180 degrees out of phase, and of 

a shield for conducting said correction signal. 25 equal magnitude to said interfering signal. 

9. The interference suppression device of claim 8, 16. The method of claim 14, wherein said generating step 
wherein said signal source includes an oscillator generating further comprises the steps of producing a signal having a 
a signal having a phase, and an integrator that produces a DC phase, and producing a DC level corresponding to said 
level corresponding to said interfering signal, and wherein interfering signal, and applying said DC level in a feedback 
said DC level is applied in a feedback arrangement to adjust 3Q arrangement to adjust said phase. 

said phase. 17. The method of claim 14, wherein said generating step 

10. The interference suppression device of claim 8, further comprises the steps of producing a signal having a 
wherein said signal source includes an oscillator generating magnitude, and producing a DC level corresponding to said 
a signal having a magnitude, and an integrator that produces interfering signal, and applying said DC level in a feedback 
a DC level corresponding to said interfering signal, and 35 arrangement to adjust said magnitude. 

wherein said DC level is applied in a feedback arrangement 

to adjust said magnitude. ***** 
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